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[57] ABSTRACT 

An apparatus and method for recording on and reproducing 
from a magnetic tape a digital signal by rotating heads. A 
synchronizing signal, a control signal, and an error correc- 
tion code are added to the digital' signal, and the digital 
signal with those signals added is converted into a block 
form. At the recording time, a recording signal produced 
from a recording circuit is recorded on the recording 
medium by a first head of the rotating heads, and at the same 
time the recorded signal is reproduced by a second head of 
the rotating heads. In addition, there are provided a first 
recording mode in which two error correction codes are 
added, and a second recording mode in which three error 
correction codes are added. Thus, the recorded signal can be 
confirmed by the simultaneous playback made at the record- 
ing time so that the reliability in data can be assured. 

16 Claims, 12 Drawing Sheets 
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DIGITAL SIGNAL RECORDING/ 
REPRODUCING APPARATUS AND 
RECORDING METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a digital signal recording/ 
reproducing apparatus and recording method for recording 
and/or reproducing a digital signal, and particularly to a 
digital signal recording/reproducing apparatus and recording 
method for recording and/or reproducing a digital signal on 
a magnetic tape by use of rotating heads. 

A digital signal recording apparatus is disclosed in JP-A- 
5-174496. This apparatus records a digital compressed video 
signal on a magnetic tape by use of rotating heads. However, 
there is no consideration about the improvement in the 
reliability at the time of recording. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a digital signal 
recording and reproducing apparatus capable of recording 
and reproducing even digital data that needs high reliability, 
without increasing the circuit scale. 

It is another object of the invention to reduce the number 
of heads and make it unnecessary to use a signal timing 
converter by use of only one azimuth head when digital data 
that needs high reliability is recorded and reproduced. 

It is still another object of the invention to increase the 
storage capacity and raise the reliability by use of two or 
three error correction codes according to the intention. 

According to the present invention, there is provided a 
digital signal recording and reproducing apparatus for 
recording on and reproducing from each of tracks, or digital 
signal recording areas of a magnetic recording medium a 
plurality of blocks each consisting of a digital signal, and 
added signals of a synchronizing signal, a control signal and 
an error correction code, this apparatus including a memory 
for storing the digital signal fed at the time of recording or 
produced at the time of reproduction, error correction code 
adding circuits for adding error correction codes to the 
digital signal stored in the memory, a recording circuit for 
making a block-type signal of the blocks from the digital 
signal with the error correction codes added by the error 
correction code adding circuit, a reproducing circuit for 
detecting the digital signal and the error correction codes 
from a reproduced signal, error correction circuits for detect- 
ing and correcting error of the digital signal on the basis of 
the error correction codes detected by the reproducing 
circuit, and a plurality of rotating heads for recording and 
reproduction, whereby at the recording time a recording 
signal produced from the recording circuit is recorded on the 
recording medium by a first head of the rotating heads, the 
recorded signal is reproduced by a second head of the 
rotating heads at the same time as the recording time so that 
the reproducing circuit and the error correction circuits can 
detect error from the reproduced signal, and at the playback 
time the recorded signal is reproduced by the first head, the 
resulting reproduced signal being fed to the memory after 
error detection by the reproducing circuit and the error 
correction circuits. 

In addition, according to the present invention, there is 
provided a digital signal recording method and apparatus for 
recording on each of tracks, or digital signal recording areas 
of a magnetic recording medium a plurality of blocks each 
consisting of a digital signal, and added signals of a syn- 
chronizing signal, a control signal and an error correction 
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code, this method and apparatus having a first recording 
mode for adding a first error correction code to each n tracks 
(n is an integer larger than 1) of the digital signal, adding a 
second error correction code to each block of the digital 

S signal and the first error correction code, and recording the 
digital signal with the first and second error correction codes 
added, and a second recording mode for adding a third error 
correction code to each n tracks of the digital signal, adding 
a fourth error correction code to each track of the digital 

10 signal and the third error correction code, adding a second 
error correction code to each block of the digital signal, the 
third error correction code and the fourth error correction 
code, and recording the digital signal with the second, third 
and fourth error correction codes added. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will now 
be described in conjunction with the accompanying 
drawings, in which: 
20 FIG. 1 is a block diagram of the first embodiment of a 
digital signal recording and reproducing apparatus accord- 
ing to the invention; 

FIG. 2 is a diagram of a pattern recorded on a magnetic 
tape; 

25 FIG. 3 is a diagram of a recorded pattern of each track; 
FIGS. 4A and 4B are diagrams of blocks in respective 
regions; 

FIG. 5 is a diagram of the format of the ID information 21 
shown in FIGS. 4A and 4B; 
30 FIG. 6 is a diagram of the structure of one-track data in 
the data recording area 7 shown in FIG. 3; 

FIG. 7 is a diagram of the header 44 of the data recording 
area 7 shown in FIG. 3; 
35 FIG. 8 is a diagram of the format of the format informa- 
tion 31 shown in FIG. 7; 

FIG. 9 is a diagram of the format of the auxiliary 
information 32 shown in FIG. 7; 

FIG. 10 is a diagram of the format of blocks of a digital 
40 compressed video signal transmitted in the form of a packet 
of 188 bytes, these blocks being recorded in the data 
recording area 41 shown in FIG. 6; 

FIG. 11 is a diagram of one format of blocks of which the 
packet 71 has a length of 140 bytes; 
45 FIG. 12 is a diagram of another format of blocks of which 
the packet 71 has a length of 140 bytes; 

FIG. 13 is a diagram of another format of the packet 
shown in FIG. 10, 11 or 12; 

FIG. 14 is a diagram of the format of the block informa- 
50 tion 33 shown in FIG. 7; 

FIG. 15 is a diagram of the format of one-track data in the 
data recording area 7 in which digital data is recorded; 

FIG. 16 is a block diagram of the signal processing circuit 
102 in FIG 1; 

55 

FIG. 17 is a block diagram of the interface circuit 107 in 
FIG. 1; 

FIG. 18 is a timing diagram of an input/output signal; 

FIG. 19 is a timing diagram of input to and output from 
60 the buffer 309 in FIG 17; 

FIG. 20 is a timing diagram of the operation of the signal 
timing converter 410 at the time of recording in FIG. 16; 

FIG. 21 is a timing diagram of the operation of the signal 
timing converter 410 at the time of reproduction in FIG. 16; 
65 FIG. 22 is a timing diagram of the operation of the signal 
timing converter 410 at the time of recording digital data in 
FIG. 16; 
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FIG. 23 is a block diagram of the second embodiment of 
a digital signal recording and reproducing apparatus accord- 
ing to the invention; 

FIG. 24 is a block diagram of the signal processing circuit 
102 of the digital signal recording and reproducing appara- 5 
tus in FIG. 23; 

FIG. 25 is a diagram of a pattern recorded on a magnetic 
tape by the digital signal recording and reproducing appa- 
ratus of FIG. 23; 

FIG. 26 is a timing diagram of recording and reproduction 10 
in the digital signal recording and reproducing apparatus of 
FIG. 23; 

FIG. 27 is a block diagram of the digital signal recording 
and reproducing apparatus and a digital broadcast receiver J5 
which are connected to each other; and 

FIG. 28 is a block diagram of the digital signal recording 
and reproducing apparatus and a computer which are con- 
nected to each other. 

DESCRIPTION OF THE PREFERRED 20 
EMBODIMENTS 

An embodiment of the invention will be described with 
reference to the accompanying drawings. 

FIG. 1 is a block diagram of a digital signal recording and 25 
reproducing apparatus according to the invention. The digi- 
tal signal recording and reproducing apparatus in FIG. 1 is 
constructed for both recording and reproduction, but may be, 
of course, arranged for either recording or reproduction. 
There are shown rotating heads 100, a capstan 101, a signal 30 
processing circuit 102 for generating a recording signal at 
the time of recording and demodulating a reproduced signal 
at the time of reproduction, a control circuit 104, such as a 
microprocessor, for controlling the recording and reproduc- 
tion modes, a timing signal generating circuit 105 for 35 
generating timing signals that are used as reference signals 
for controlling the rotation of heads 100 and for other 
purposes, and a servo circuit 106 for controlling the rotating 
heads and the tape transport speed. There are also shown an 
interface circuit 107 to which a recording signal is fed or 40 
from which a reproduced signal is produced, a timing 
control circuit 109 for controlling the timing at the time of 
recording, an oscillator 110 for generating a reference clock, 
a tape 111, and an analog signal recording and reproducing 
circuit for an analog video signal. The rotating heads 100 45 
include first and second heads Dl, D2 (D+, D-) for record- 
ing and reproducing a digital signal, and heads A (A+, A-) 
for recording and reproducing an analog signal. 

At the time of recording, recording data of a packet form 
are supplied via an input/output terminal 108 at arbitrary 50 
intervals of time. Apart of the packet data from the input/ 
output terminal 108 is supplied through the interface circuit 
107 to the control circuit 104. The control circuit 104 detects 
the kind of packet data and the maximum transmission rate 
on the basis of information added to the packet data or 55 
information transmitted independently of the packet data, 
decides a recording mode according to the detected result, 
and controls the signal processing circuit 102 and the servo 
circuit 106 to operate in a certain mode. The interface circuit 
107 detects the packet data being recorded, and supplies it 60 
to the signal processing circuit 102. The signal processing 
circuit 102 is responsive to the recording mode decided at 
the control circuit 104 to decide the number of packets being 
recorded on one track, generates error correction codes, ID 
information and subcodes, and supplies a recording signal to 65 
the rotating heads 100 by which the signal is recorded on the 
magnetic tape 111. 
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At the time of reproduction, the recorded signal is repro- 
duced in an arbitrary reproduction mode, and the signal 
processing circuit 102 detects ID information from the 
reproduced signal. The control circuit 104 decides which 
mode the signal was recorded in, and controls the signal 
processing circuit 102 and servo circuit 106 to be set to a 
new operation mode, causing the heads to reproduce the 
recorded signal. The signal processing circuit 102 detects the 
synchronizing signal, makes error detection and correction, 
and reproduces data and subcodes on the basis of the 
reproduced signal from the heads 100, and it supplies them 
to the interface circuit 107. The interface circuit 107 pro- 
duces the reproduced data at its input/output terminal 108 
according to the timing signal generated from the timing 
signal generating circuit 105. 

When an analog video signal is recorded and reproduced, 
an analog video signal fed via an input terminal 113 at the 
time of recording is processed in a certain way by the analog 
signal recording and reproducing circuit 112 and supplied to 
the rotating heads 100 by which it is recorded on the tape 
111, The reproduced video signal from the rotating heads 
100 at the time of reproduction is processed in a certain way 
by the analog signal recording and reproducing circuit 112, 
and then produced at its output terminal 114. In this case, the 
servo circuit 106 is controlled in synchronism with the frame 
period of the analog video signal, though not shown. 
Although the heads for analog video signal are provided 
independently of the digital recording heads as seen from 
FIG. 1, the digital recording heads may be used both as the 
analog recording heads and as themselves instead of the 
analog recording heads or the analog recording heads may 
be provided independently of the digital recording heads. 

The digital signal recording and reproducing apparatus of 
this embodiment is able to record and reproduce both a 
digital compressed video signal, and digital data such as a 
computer program. 

First, the recording and reproduction of a digital com- 
pressed video signal will be described below. 

FIG. 2 shows a recorded pattern on the tape 111. There are 
shown +azimuth tracks 10 and -azimuth tracks 11, which 
are recorded and reproduced by +azimuth heads (D+) and 
-azimuth heads (D-), respectively. 

FIG. 3 shows a recorded pattern of one track. There are 
shown a subcode recording area 3 in which a subcode such 
as time stamp and program information is recorded, a data 
recording area 7 in which a digital compressed video signal 
is recorded, preambles 2, 6 for those recording areas, pos- 
tambles 4, 13 for those recording areas, a gap 5 between 
those recording areas, and margins 1, 14 at the ends of the 
track. Thus, by providing the postambles, preambles and gap 
to those recording areas, it is possible to perform after- 
recording for each region. Of course, a digital signal other 
than the digital compressed video signal and audio signal 
may be recorded in the data recording area 7. In addition, a 
digital compressed audio signal may be recorded in the data 
recording area 7 together with the digital compressed video 
signal. 

FIGS. 4Aand 4B show the block formats of those regions. 
FIG. 4A illustrates the block format in the data recording 
area 7. There are shown a synchronizing signal 20, ID 
information 21, data 22, and a parity (CI parity) 23 for first 
error detection and correction. For example, the synchro- 
nizing signal 20 is formed of 2 bytes, the ID information 21 
of 3 bytes, the data 22 of 99 bytes and the parity 23 of 8 
bytes, one block thus consisting of 112 bytes. FIG. 4B shows 
the block format in the subcode recording area 3. The block 
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in the subcode recording area has the synchronizing signal l A or Va the original rate, the track pattern on the tape is 

20 and ID information 21 of the same bytes as in FIG. 4 A, substantially the same as the original one. Similarly, the 

the data 22 of 19 bytes and the parity 23 of 4 bytes, one block maximum recording capacity can be decreased to 1/n the 

thus consisting of 28 bytes, or K the total bytes of the block capacity of 25 Mbps. At the time of recording, the trans- 

in FIG. 4A. Since the byte number ratio between those s mission rate of data being recorded is detected, and an 

one-block regions is an integer and the same synchronizing optimum recording mode is fixed according thereto. Then, 

signal 20 and ID information 21 are provided in all regions the recording mode is written in the format information 31. 

as described above, a single circuit can be used to perform For example, "1" is written for 25 Mbps, "2" for 125 Mbps, 

the process for the generation of blocks and the detection of and "3" for 6.25 Mbps. 

synchronizing signal and ID information at the time of 10 The format (ID2) of data being recorded specifies, for 
recording. The synchronizing signal 20 may take a different example, the length of each packet to be recorded. The 
value in each region so that the areas can be distinguished by amount of data to be recorded on each track is controlled in 
only the synchronizing signal, packet units, and the number of packets recorded is stored, 
FIG. 5 illustrates the format of ID information 21. There in order that data can be transferred at an arbitrary trans- 
are shown a sequence number 24, a track address 25, a block 15 mission rate. The control can be made once for each track or 
address 26 within one track, and a parity 27 for detecting each plurality of tracks. In addition, by storing the packet 
error in the sequence number 24, track address 25 and block length, it is possible to treat a packet of an arbitrary length, 
address 26. The block address 26 is used to identify the At the reproduction time, the format information 31 is 
block in each recording area. For example, the address is detected so that the associated recording mode or the like is 
0-335 in the data recording area 7, 0-13 in the auxiliary 20 discriminated from the others, and the reproducing proces- 
information recording area 3, and 0-15 in the subcode sor circuit is set to that mode. 

recording area 12. The track address 25 is used to identify FIG . 9 shows the format of the auxmary information 32. 

the track. For example, the address can be changed to be 0-5 ^ auxiliary information 32 is formed of, for example, 6 

. or 0-2 at each track or each two tracks, thereby discrimi- blocks of 6 bytes? including an item code of the first bit 

nating 6 tracks. The sequence number 24 can be changed to 25 indicative of the kind of information, and data of the 

be 0-11 at each 6 tracks that are discriminated by the track remaining five bytes. Thus, various types of data can be 

address 25, thereby discriminating 72 tracks. If the track recorded. For example, information of recording time or the 

address and the sequence number are respectively synchro- Uke ^ ^ nds of recording signals are written as the 

nized with the period of the second error correction code and auxiliary information. Also, detailed information about vari- 

the variable speed playback data recording period which will 30 aWc speed playback data may be mchlded in ^ jnforma- 

be described later, it is possible to make it easy to process at tiorj ^ association with the format information 31. 

the recording time and discriminate at the reproducing time. FIG. 10 illustrates the format of blocks of a digital 

FIG. 6 illustrates the format of one-track data in the data compressed video signal that is transmitted in a packet form 

recording area 7. The synchronizing signal 20 and ID of 188 bytes and stored in the data recording area 41. In this 

information 21 are omitted. The data recording area 7 is casCj smce a time stamp 25 of 4 bytes is added to the packet 

formed of, for example, 336 blocks, of which the first 306 data, a total of 192 bytes per packet is recorded over two 

blocks record data 41, and of which the second 30 blocks blocks. Since each packet of data is recorded as two blocks, 

record second error correction codes (C2 parity) 43. namely in association with one code system of CI, error can 

The C2 parity 43 are provided such that 10 blocks of C2 4Q be prevented from occurring over a plurality of packets as 

parity are added to 102 blocks of data which correspond to transmission units when each block cannot be corrected 

a fraction Via of data of 306 blocksx6 tracks at each 6 tracks. because of burst error due to dropout or the like on the tape. 

The error correction code may be, for example, a Reed- FIG. 11 shows the format of blocks of packets 71 of which 

Solomon code. the length is 140 bytes. In this case, two packets 71 are 

Data of 99 bytes of each block is formed of a header 44 45 recorded over three blocks. If there is only one packet, the 

of 3 bytes and data 41 of 96 bytes. FIG. 7 shows the format packet is recorded over two blocks as shown in FIG. 12. In 

of the header 44 of the data recording area 7. The header 44 other words, one packet is recorded over 1.5 blocks and 

is formed of format information 31, auxiliary information 32 dummy data is placed on the remaining 0.5 block, 

and block information 33. FIG. 13 shows another format of the packet given in FIG. 

FIG. 8 shows the format of the format information 31. The 50 10, U or 12. The packet consists of, for example, time stamp 

format information 31 is the information about recording 25 of 3 bytes, packet information 72 of 1 byte associated 

format, and is formed of, for example, 6 bytes of 12 blocks. with the packet, and packet data 71 of 188 bytes or 140 

This information is recorded a plurality of times in a bytes. If the amount of packet data 71 is less than that value, 

multiplex manner to improve the detection ability at the for example, 130 bytes, dummy data is added or the packet 

reproduction time. Data of 6 blocks includes, for example, 55 control information region may be expanded, 

one-block size, the number of programs being recorded, The time stamp 25 is information of the time in which the 

revolution rate of rotating heads, error correction code packet is transmitted. That is, the time at which the packet 

system, recording mode, format of data being recorded, and (its head) is transmitted or the interval between packets is 

so on. counted on a reference clock, the count is recorded together 

The recording mode (ID1) specifies, for example, the 60 with packet data, and the interval between packets is fixed 

maximum recording capacity. In this embodiment, data of on the basis of that information at the playback time, so that 

about 25 Mbps can be recorded by use of four rotating heads data can be produced in the same form as when transmitted, 

at a revolution rate of 1800 rpm on two channels. Here, if Thus, if the ratio between the byte number of one packet 

recording is performed on every other track, the recording and the byte number of the recording area of one block is 

capacity is about 12.5 Mbps. If recording is performed on 65 expressed in an integral ratio n:m so that m packets can be 

every fourth track, the recording capacity is about 6.25 recorded over n blocks, data can be efficiently recorded even 

Mbps. In this case, if the tape transport speed is reduced to when the packet length is different from that of the recording 
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area of one block. In addition, even when the number of 
packets is not just an integer m, for example, m^m^m), the 
m 1 packets can be effectively recorded by arranging over 
m'xn/m blocks. 

The values of n and m are respectively smaller than the 
number of bytes of one packet and the number of bytes of 
the recording area of one block. Thus, the process can be 
easily performed by selecting integers of 10 or below for 
those values. Even when the length of one packet is longer 
than that of the recording area of one block (n>m), data can 
be recorded similarly. Moreover, even if the packets have 
different lengths, the recording and reproduction process can 
be performed with ease by employing the same format for 
the time stamp or the like. The different lengths of packets 
can be discriminated by use of the format information 31. 

FIG. 14 illustrates the format of block information 33. The 
block information 33 is the information for discrimination of 
data of block units. The data information 74 is for discrimi- 
nation of the kind of data recorded in the block. For 
example, it is turned 0 for the block in which normal packet 
data is recorded, 1 for the block in which no effective data 
is recorded, and 2 for the block in which variable speed 
playback data is recorded. 

The block number 75 is the information for discrimination 
of the order of blocks when the packet data is recorded over 
two blocks or three blocks. For example, the block number 
is 0-1 when the packet data is recorded over two blocks, and 
0-2 when it is recorded over three blocks. Moreover, if the 
end of the recording area can be known by this information, 
the process at the playback time can be performed with ease. 

The recording and reproduction of digital data will be 
described below. 

Even when digital data is recorded and reproduced, the 
recording and reproducing apparatus can be effectively 
operated by use of the same format as when the digital 
compressed video signal. However, for recording digital 
data, it is important to consider the reliability of data. 

FIG. 15 shows the format of one track data in the data 
recording area 7 for digital data. In FIG. 15, the addition of 40 
C3 parity 45 improves the data reliability. As to the parity 
structure, for example, the CI parity 23 has the same format 
as in FIG. 6, and the C2 parity 43 is constructed such that C2 
parity of 10 blocks is added to each 102 blocks of V3 the 306 
blocks of each track. The C3 parity 45 is formed such that 
C3 parity of 10 blocks is added to each 92 blocks which 
corresponds to a fraction of Vis the data of 276 blocksx6 
tracks of each six tracks. Thus, by using the same numbers 
of parities CI and C2 as in FIG. 6, changing only the way 
of scattering C2 data and employing the same number of C3 
parities as that of C2 parities, it is possible to use the error 
correction circuit common to both a digital compressed 
video signal and digital data. Moreover, by arranging the C3 
parity 45 over each unit of 6 tracks the same as the C2 parity 
in FIG. 6, it is possible to use the same memory capacity for 
scattering data, and the same way for memory control. 

Of course, when the reliability is not so important, it is 
possible to use the same format as that shown in FIG. 6 for 
recording the digital compressed video signal. 

When digital data is recorded, recording and reproduction 
are made for each unit of 6 tracks. Also, the digital data does 
not need time stamp 25, Therefore, for example, data of 192 
bytes of two blocks is recorded as one packet 71. In this case, 
a maximum of 828 packets (158,976 bytes) can be recorded 
in six tracks. If the packet data is recorded in the order of the 
head and the following of each six tracks, and if information 
of whether effective data is recorded or not is included in the 



35 



45 



50 



55 



60 



block information 33, even a small amount of data to be 
recorded can be treated. Of course, it is not necessary to 
begin recording from the head. 

In the recording of digital data, if part of the format 
information 31, for example, a value different from that in 
the recording of the digital compressed video signal is 
selected as a recording mode, it can be detected at the 
playback time. 

FIG. 16 shows the construction of the signal processing 
circuit 102. There are shown a memory 400 in which data is 
stored, an error correction circuit 401 for adding C2 parity 
and C3 parity and performing error correction at the time of 
playback, a CI parity generation circuit 411 for generating 
and adding the CI parity, a recording circuit 412 for gen- 
erating a recording signal, a reproducing circuit 413 for 
detecting the reproduced signal, an error correction circuit 
414 for performing CI error correction at the time of 
playback, a signal timing converter 410 for the conversion 
of the timing for the recording and reproduced signals, and 
a packet output control circuit 403 for controlling the 
operation timing. 

FIG. 17 shows the construction of the interface circuit 
107. There are shown a packet detection circuit 300, a time 
stamp detection circuit 301, a packet output control circuit 
302, buffers 303, 309, and a time stamp control circuit 304. 

The operation of the apparatus at the time of recording 
and reproduction will be described with reference to FIGS. 
16 and 17. 

The case where a digital compressed video signal is 
recorded and reproduced will be described first. To record 
and reproduce a digital compressed video signal, there are 
used only the adjacent +azimuth head (D+) and -azimuth 
head (D-), mounted on one side, of the rotating heads 100. 

At the time of recording, the operation timing of the 
recording and reproducing apparatus is controlled by the 
timing control circuit 109 on the basis of the rate of the 
recording data fed through the input/output terminal 108. At 
the playback time, the apparatus operates on the basis of the 
clock generated from the oscillator 110. The transmission 
rate of the packet entering and outgoing via the input/output 
terminal 108 A is assumed to be higher than the frequency of 
the clock generated as the time stamp. For example, the 
frequency of the reference clock of the time stamp is 27 
MHz, and it enters and outgoes at a rate of 49.152 bps. In 
addition, the frequency is the same as that of the reference 
clock generated from the oscillator 110 of the recording and 
reproducing apparatus. As will be described later, the pro- 
cess for recording and playback can thus be easily per- 
formed. 

At the recording time, data and synchronizing clocks are 
supplied via the input/output terminals 108A and 108B as 
shown by the timing of FIG. 18. Reference numeral 310 
represents the data shown in FIG. 13. If it has no time stamp 
25 added, the internally generated reference clock is added 
to each packet as the time stamp 25. 

The incoming data and synchronizing clocks are supplied 
to the packet detection circuit 300, which detects the head of 
the packet in response to the clock fed from the timing signal 
generating circuit 105 via the input terminal 307. The head 
of the packet can be detected by detecting the blank between 
the packets and deciding the head when data has come after 
the blank. Moreover, this packet detection circuit 300 is able 
to discriminate the kinds of packets and decide whether the 
packets are normally transmitted or not by detecting the 
number of data per each packet. In other words, if the 
detected packet of which the length is other than the speci- 
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fied packet length (which the apparatus can handle), it 
decides that the packet is not normally transmitted or that 
data not recordable has been transmitted, and supplies this 
information to the control circuit 104 by which the recording 
is stopped. 

The packet 71 detected by the packet detection circuit 300 
is supplied via the buffer 309 and through the output 
terminal 305Ato the input/output terminal 405 of the signal 
processing circuit 102. The buffer 309 converts the trans- 
mission rate of input data into another value. In order to store 
data transmitted at a high rate of about 50 Mbps, a very fast 
memory is required as the memory 400. On the other hand, 
since the average maximum recording rate of the recording 
and reproducing apparatus is about 25 Mbps as described 
above, the memory 400 is adapted to handle data of a rate 
corresponding to the maximum recording rate, and data is 
fed through the fast buffer 309 to the memory 400, so that 
the storing speed of the memory can be reduced. FIG. 19 
shows the input and output timing of the buffer 309. If the 
storing rate of the memory 400 is selected to be 27 Mbps 
(3.375 bytes/sec), the ratio between the input rate and output 
rate of the buffer is about 1:2. In this case, even if the 
capacity of the buffer is around 7 packets, data of 7 packets 
or more can be continuously fed at a rate of 50 Mbps. 

The signal processing circuit 102 causes the memory 400 
to store packet data from the input/output terminal 405 so 
that a packet fed during the period corresponding to one 
track to be recorded can be recorded on one track. In 
addition, the block information 33 and so on are added at this 
time. The data stored in the memory 400 is fed to the error 
correction circuit 401 where the C2 parity is added, and then 
fed to the CI parity generation circuit 411 where the CI 
parity is added. Thereafter, it is fed to the recording circuit 
412 where the synchronizing signal and so on are added. 
Thus, the recording signal illustrated in FIG. 2 is generated. 
This signal is fed to the signal timing converter 410. 

FIG. 20 shows the operation of the signal timing converter 
410 at the time of recording. The signal timing converter 410 
delays by one track the signal, to be recorded on the 
+azimuth track, of the recording signal that is fed in the 
order of +azimuth and -azimuth. The recording signals of 
+azimuth and -azimuth are simultaneously supplied via the 
input/output terminal 407 to the adjacent +azimuth head 
(+D) and -azimuth head (-D), located on one side, of the 
rotating heads 100, by which they are recorded on the 
magnetic tape 111. In other words, signals of two tracks are 
simultaneously recorded each time the rotating heads rotate 
once. 

The control signals together with the packets are fed 
through the output terminal 306 A to the control circuit 104, 
which then discriminates the kinds of packets and decides a 
recording mode. The time stamp 25 added to each packet is 
supplied to the time stamp detection circuit 301. 

The time stamp detection circuit 301 compares the inter- 
vals between packets that are counted on the time stamp 25 
and the clock fed through the input terminal 307. If there is 
a difference therebetween, the timing control circuit 109 
responds to the control signal fed through the output termi- 
nal 308 to control the recording process timing and the 
revolution rate of the rotating heads 100 in order that the 
difference can be reduced to zero. If the recording process 
timing and the revolution rate of the rotating heads 100 are 
recorded in synchronism with the time stamp 25 at the time 
of recording, the reproduction and packet output can be 
controlled by the reference clock generated from the oscil- 
lator 110 of the recording and reproducing apparatus at the 
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time of reproduction. That is, at the time of playback, the 
number of reproduced packets coincides with that of pro- 
duced packets without a particular process for synchroniza- 
tion. 

At the playback time, the reproduced signal from the 
+azimuth head (D+) and -azimuth head (D-) is fed through 
the input/output terminal 407 to the signal timing converter 
410 of the signal processing circuit 102. As illustrated in 
FIG. 21, the signal timing converter 410 delays the repro- 
duced signal from the -azimuth track by one track to 
produce a reproduced signal of which the +azimuth signal 
and -azimuth signal are alternately arranged in series. This 
reproduced signal is supplied to the reproducing circuit 413. 
The reproducing circuit 413 detects the synchronizing signal 
and detects the data of the reproduced signal. Then, the error 
correction circuit 414 corrects data for error by use of CI 
parity, and the corrected data is stored in the memory 400. 
Thereafter, the error correction circuit 401 corrects the data 
for error by use of C2 parity. The corrected data is supplied 
through the input/output terminal 405 to the interface circuit 
107. 

The output fed through the input/output terminal 405 has 
no error as a result of identifying the reproduced block 
information 33 and flags added at the error detection time, 
and it includes only the effective packets, or does not include 
such packets as found not to be correctable. Therefore, 
abnormal data can be prevented from being produced. 

In the interface circuit 107, the packet output control 
circuit 302 is controlled by the control signal that is fed from 
the control circuit 104 through the input terminal 306B, and 
the reproduced packet data is produced in synchronism with 
the reference clock generated from the oscillator 110. The 
packet fed to the input terminal 305B is stored in the buffer 
303 at a rate of, for example, 27 Mbps (3.375 bytes/sec). The 
packets in the buffer 303 are read in synchronism with the 
time stamp 25 and the clock fed through the input terminal 
307 at a rate of, for example, 49.152 bps, so that they can be 
produced timely as shown in FIG. 19, or according to the 
same timing as when the recording data was fed. Therefore, 
the signal after recording and reproduction can be processed 
in the same way as when the signal before recording is 
processed as it is, in the decoder for the digital compressed 
video signal and processors for processing the reproduced 
packets from other digital signal recording and reproducing 
apparatus. 

The recording and reproduction of digital data will be 
described below. When digital data is recorded and 
reproduced, it is recorded and reproduced by the adjacent 
+azimuth head (D+) and -azimuth head (D-), arranged on 
one side, of the rotating heads 100, while the data that is 
being recorded is reproduced at the same time as when it is 
recorded, by the adjacent + azimuth head (D+) and -azimuth 
head (D-) arranged on the other side. In other words, the 
reliability in recording can be assured by reproducing the 
recorded data immediately after recording so that the 
recorded data can be confirmed, or that it can be decided if 
the data has been correctly recorded. 

At the recording time, data and synchronizing signals are 
supplied through the input/output terminals 108A and 108B 
according to, for example, the timing shown in FIG. 18. 
When digital data is recorded, there is no need to manage the 
time stamp of data. Therefore, the packet data 310 may be 
the packet of only the data with no time stamp added, and 
particularly there is no need to manage the input intervals. 
Although not shown, the following cases are possible: if the 
data is found within the maximum recording capacity by 
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transmitting a data request signal to the digital data output alternately in sequence as shown in FIG. 21. This repro- 

apparaws, data is sequentially received from the digital data duced signal is fed to the reproducing circuit 413. The 

output apparatus; and If the data is found to exceed the limit, reproducing circuit 413 detects the synchronizing signal and 

the digital data output apparatus is kept waiting for produc- the data from the reproduced data. Then, the error correction 

ing. Of course, data may take other forms than the packet 5 circuit 414 performs error correction by use of CI parity on 

form. the data and supplies the error corrected data to the memory 

The input data and synchronizing clocks are supplied to 400 where il ^ stored. Thereafter, the error correction circuit 

the packet detection circuit 300, at which the heads of 401 performs error correction on the data by use of C2 parity 

packets are detected at the clock fed from the timing and C3 parity, and the corrected data is suppHed through the 

generating circuit 105 through the input terminal 307 in the ™ input/output terminal 405 to the interface circuit 107. 

same manner as the digital compressed video signal is The interface circuit receives the output from the input/ 

treated. output terminal 405 and identifies the reproduced block 

The packet 71 detected by the packet detection circuit 300 information 33 and the flag added at the time of error 

is supplied through the buffer 309 and through the output correction. When digital data is reproduced, all data is 

305A to the input/output terminal 405 of the signal process- 35 required to be reproduced without error. Therefore, if a 

ing circuit 102. Digital data is often fed in bursts. Therefore, P acket ^ found not to be correctable, the packet is, for 

for example, the capacity of the buffer 309 is selected to be example, again reproduced. 

6 tracks or several times larger than that value, and data of In the interface circuit 107, the packet output control 

six tracks collected in the buffer are supplied to the signal circuit 302 is controlled to be brought to the output mode in 

processing circuit 102 at a constant rate, so that digital data 20 response to the control signal fed from the control circuit 

can be effectively recorded. 104 through the input terminal 306B, and it produces the 

In the signal processing circuit 102, the packet data fed reproduced packet data. When digital data is reproduced, 

via the input/output terminal 405 is stored in the memory tnere 15 no need to manage the time stamp. Therefore, the 

400 so that the packet data supplied during a period corre- data from buffer 303 fe produced at a rate of a certain 

sponding to one track to be recorded can be recorded on one constant unit. For example, the capacity of the buffer is 

track. At this time, block information 33 and so on are added. selected to be 6 tracks or several times greater than that, and 

The data stored in the memory 400 is fed to the error data of each S1X tracks * produced from the buffer, 

correction circuit 401 where C3 and C2 parities are added, Thus, since the signal timing converter is used, data of 

and then fed to the CI parity generation circuit 411 where CI two channels can be recorded and reproduced, and simul- 

parity is added. In addition, the recording circuit 412 adds taneous reproduction at the recording time can be 

the synchronizing signal 20 and so on to the output from the performed, by the recording and reproducing circuits on one 

CI parity generation circuit 411, and generates the recording channel. 

signal shown in FIG, 2. This signal is supplied to the signal FIG. 23 shows the second embodiment of the digital 

timing converter 410, where it is converted in the same 35 signal recording and reproducing apparatus according to the 

manner as in FIG. 20. The converted signal is then supplied invention. As illustrated in FIG. 23, a digital signal is 

through the output terminal 407 to both the +azimuth head recorded and reproduced by three azimuth heads, or 

(D+) and -azimuth head (D-), arranged on one side, of the +azimuth head Dl' (D+) and -azimuth head D3' (D-) 

rotating heads 100 by which it is recorded on the magnetic mounted opposite to each other, and the second +azimuth 

tape 111. In other words, signals of two tracks are recorded 4Q head D2' (D+) mounted close to the -azimuth head, 

each time the rotating heads rotate once. FIG. 24 shows the construction of the signal processing 

When digital data is recorded, the data recorded by the circuit 102 of the digital signal recording and reproducing 

+ azimuth head (D+) and -azimuth head (D-) on the other apparatus of FIG. 23. 

side is also simultaneously reproduced as shown in FIG. 22. [ n this case, a digital compressed video signal and digital 

The reproduced data is converted by the signal timing 45 data can be recorded and reproduced without the signal 

converter 410 in the same manner as in FIG. 21, and fed to timing converter 410 shown in FIG. 16. The digital com- 

the reproducing circuit 413 where the synchronizing signal pressed video signal can be recorded and reproduced by the 

is detected. Then, the error correction circuit 414 performs opposite +azimuth head (D+) and -azimuth head (D-). The 

error detection on that signal by use of CI parity. The result digital data can be recorded and reproduced only by one 

of error detection is fed through the input/output terminal 50 +azimuth head as shown in FIG. 25. At the recording time, 

409 to the control circuit 104 where it is decided if the the other +azimuth head is used to reproduce the recorded 

recording is correctly performed. If the error exceeds an signal so that the recorded signal is confirmed, or that it is 

allowable value, the data is again recorded on a different decided if the signal is correct as shown in FIG. 26. Thus, 

location. since recording and reproduction are made by a single head, 

Thus, since the error correction circuit 414 detects error 55 the maximum amount of data to be recorded is reduced to Vi 

by use of CI parity even at the recording time, the reliability the normal amount, but the signal timing converter can be 

in recording can be assured without providing circuits for eliminated. In this case, the recording circuit 412 and 

exclusive use. reproducing circuit 413 are controlled to operate only during 

Digital data is reproduced similarly as is the digital the period of Yi the full revolution of the rotating heads, 

compressed video signal. That is, digital data is reproduced 60 FIG. 27 shows an example of the connection between the 

by the same +azimuth head (D+) and -azimuth head (D-) as digital signal recording and reproducing apparatus of FIG. 1 

used at the recording time, and fed from the + azimuth head and a digital broadcast receiver. Reference numeral 200 

(D+) and -azimuth head (D-) through the input/output represents the digital signal recording and reproducing app a- 

terminal 407 of the signal processing circuit 102 to the signal ratus of FIG. 1, 201 the digital broadcast receiver, 202 an 

timing converter 410. In this converter, the reproduced 65 antenna, and 207 a monitor, or display. In addition, reference 

signal from the -azimuth track is delayed one track so that numeral 203 designates a tuner, 204 a de-raultiplex circuit, 

+azimuth signal and -azimuth signal can be produced 205 a decoder, and 206 an interface circuit. A digital 
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broadcast signal received by the antenna 202 is demodulated 
by the tuner 203, and then fed to the de-multiplex circuit 204 
where a necessary digital compressed video signal is 
selected. The selected digital compressed video signal is 
decoded into a normal video signal by the decoder 205. The s 
output from the decoder is fed to the monitor 207. When the 
received signal is a scrambled signal or other processed 
signal, the decoding circuit 205 descrambles and then 
decodes it. 

The digital broadcast receiver 201 normally demodulates 30 
the received signal into the digital compressed signal, 
decodes the digital compressed signal into a normal video 
signal and audio signal by the decoder, and supplies them to 
the monitor of a television set. This digital compressed 
signal is transmitted in the normal packet form. The rate of ]5 
transmission of packets is changed by the contents of a 
broadcast. The transmission interval of packets is also 
changed according to the process that was made at the 
encoding time. In the decoder, the frame frequency at the 
time of encoding is reproduced on the basis of the informa- 20 
tion included in the packet data and the interval between the 
transmitted packets, and the digital compressed signal is 
decoded into the video signal. 

Before the received signal from the digital broadcast 
receiver 201 is recorded by the digital signal recording and 
reproducing apparatus, the interface circuit 206 adds a time 
stamp indicative of the transmission interval of packets to 
the digital compressed signal of the packet type and converts 
it into the form shown in FIG. 16. The converted signal is fed 
through the input/output terminal 108 to the digital signal 
recording and reproducing apparatus 200. When the time 
stamp is not added to the converted signal, the recording and 
reproducing apparatus 200 adds time information to the 
signal, and records it. 

The digital compressed video signal reproduced by the 
digital signal recording and reproducing apparatus 200 is 
supplied from the input/output terminal 108 to the interface 
circuit 206 at the same intervals as at the recording time on 
the basis of the time stamp. The interface circuit 206 4Q 
performs the same process as at the normal receiving time on 
the input signal, and supplies the processed signal to the 
decoding circuit 205. The decoding circuit decodes it into a 
video signal and audio signal and supplies those signals to 
the monitor 207. 

FIG. 28 shows an example of the connection between the 
digital signal recording and reproducing apparatus of FIG. 1 
and a computer. In FIG. 28, the computer 208 is also 
assumed to have the function to receive the signal from the 
digital broadcast receiver 201. In other words, the digital 50 
compressed signal received by the digital broadcast receiver 
201 is decoded by the decoding circuit 205 incorporated in 
the computer 208. The decoded signal is fed to the monitor 
207. 

When a digital compressed video signal is recorded by the 55 
digital signal recording and reproducing apparatus 200, the 
digital compressed video signal from the digital broadcast 
receiver 201 is supplied through the computer 208 to the 
digital signal recording and reproducing apparatus 200. In 
addition, the reproduced digital compressed video signal 6Q 
from the apparatus 200 is decoded by the decoding circuit of 
the computer 208, and then fed to the monitor 207. 

When the digital data recorded on a disk 209 or the like 
is recorded on the apparatus, the data recorded on the 
computer 208 is supplied to the apparatus 200. The digital 65 
data reproduced from the apparatus 200 is fed to the com- 
puter 208 and recorded on the disk 209 or the like. 
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The interface circuit in FIG. 17 can also be used for those 
of other apparatus such as the digital broadcast receiver 201. 

Although the terminals for both input and output are used 
as input/output terminals in the above embodiments, input 
terminals and output terminals may be independently used. 

According to the invention, since a signal timing con- 
verter is only added to the recording and reproducing 
circuits on one channel, the recorded data can be confirmed 
by simultaneous playback at the recording time without 
increasing the circuit scale of the apparatus for recording 
and reproducing the normal digital compressed video signal. 
Moreover, when digital data that needs high reliability is 
recorded and reproduced, only one azimuth head is used, 
and thus the number of heads can be reduced, and the signal 
timing converter is not necessary. 

In addition, when a normal digital signal such as a digital 
compressed video signal is recorded and reproduced, two 
correction codes of CI and C2 are used. When digital data 
that requires high reliability is recorded and reproduced, 
three correction codes of CI, C2 and C3 are used. Therefore, 
the recording capacity can be increased when the normal 
digital signal is recorded and reproduced, and reliability can 
be improved when digital data is recorded and reproduced. 
Since the correction code C2 is added to each six tracks even 
in the recording and reproduction of a normal digital signal, 
high reliability can be achieved against the dropout on the 
tape. Moreover, if the correction code C3 at the time of 
recording digital data is similarly added to each six tracks, 
and if the parity number is the same, the error correction 
circuit and memory can be used common to both cases. 

What is claimed is: 

1. Adigital signal recording method for recording on each 
of tracks, or digital signal recording areas, of a magnetic 
recording medium a plurality of blocks each consisting of a 
digital signal, and added signals of a synchronizing signal, 
a control signal and an error correction code, said method 
comprising: 

a first recording mode for adding a first error correction 
code to each n tracks (n is an integer larger than 1) of 
said digital signal, adding a second error correction 
code to each block of said digital signal and said first 
error correction code, and recording said digital signal 
with said first and second error correction codes added; 
and 

a second recording mode for adding a third error correc- 
tion code to each n tracks of said digital signal, adding 
a fourth error correction code to each track of said 
digital signal and said third error correction code, 
adding a second error correction code to each block of 
said digital signal, said third error correction code and 
said fourth error correction code, and recording said 
digital signal with said second, third and fourth error 
correction codes added. 

2. Adigital signal recording method according to claim 1, 
wherein said first error correction code and said fourth error 
correction code have the same parity number. 

3. Adigital signal recording method according to claim 1, 
wherein said third error correction code and said fourth error 
correction code have the same parity number. 

4. Adigital signal recording method according to claim 1, 
wherein said n tracks is 6 tracks. 

5. Adigital signal recording method according to claim 1, 
wherein said control signal includes information for dis- 
criminating between said first recording mode and said 
second recording mode. 

6. A digital signal recording apparatus for recording on 
each of tracks, or digital signal recording areas, of a mag- 
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netic recording medium a plurality of blocks each consisting 
of a digital signal, and added signals of a synchronizing 
signal, a control signal, and an error correction code, said 
apparatus comprising: 

a first error correction code adder which, in a first record- 
ing mode, adds a first error correction code to each n 
tracks (n is an integer larger than 1) of said digital 
signal, and which, in a second recording mode, adds a 
third error correction code to each n tracks of said 
digital signal and adds a fourth error correction code to 
each track of said digital signal and said third error 
correction code; and 
a second error correction code adder which adds a second 
error correction code to each block of said digital signal 
and said first error correction code or said third error 
correction code and said fourth error correction code. 

7. A digital signal recording apparatus according to claim 
6, wherein said first error correction code and said fourth 
error correction code have the same parity number. 

8. A digital signal recording apparatus according to claim 
6, wherein said third error correction code and said fourth 
error correction code have the same parity number. 

9. A digital signal recording and reproducing apparatus 
for recording on and reproducing from each of a plurality of 
tracks, or digital signal recording areas, of a magnetic 
recording medium a plurality of blocks each consisting of a 
digital signal having added thereto a synchronizing signal, a 
control signal, and an error correction code, the apparatus 
comprising: 

a memory for storing a digital signal received for record- 
ing during a recording operation and reproduced during 
a reproducing operation; 

an error correction code adding circuit for adding an error 
correction code to the digital signal stored in the 
memory; 

a recording circuit for generating a recording signal 
including a plurality of blocks from the digital signal 
having the error correction code added thereto by the 
error correction code adding circuit; 

a reproducing circuit for detecting the digital signal and 
the error correction code added thereto from a repro- 
duced signal; 

an error correction circuit for detecting and correcting 
errors in the digital signal detected by the reproducing 
circuit based on the error correction code detected by 
the reproducing circuit; and 

a first head and a second head provided on a single rotary 
head assembly for recording and reproducing and 
arranged at opposite positions with respect to one 
another; 

wherein during the recording operation, the recording 
signal generated by the recording circuit is recorded on 
the magnetic recording medium by the first head of the 
single rotary head assembly, and the recording signal 
recorded on the magnetic recording medium by the first 
head is reproduced from the magnetic recording 
medium by the second head of the single rotary head 
assembly which is opposite the first head during a 
period during the recording operation when the first 
head is not recording the recording signal on the 
magnetic recording medium so that the reproducing 
circuit and the error correction circuit can detect any 
error in the recording signal reproduced from the 
magnetic recording medium by the second head; and 
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wherein during the reproducing operation, the recording 
signal recorded on the magnetic recording medium by 
the first head is reproduced from the magnetic record- 
ing medium by the first head and is supplied to the 
memory after being subjected to error detection by the 
reproducing circuit and the error correction circuit, 

10. A digital signal recording and reproducing apparatus 
according to claim 9, wherein a first recording and repro- 
ducing mode is provided for recording by the first head 
during the recording operation, and for reproducing by the 
second head during the recording operation at the same time 
as recording by the first head; and 

wherein a second recording and reproducing mode is 
provided in which reproducing is not performed by the 
second head. 

11. A digital signal recording and reproducing apparatus 
according to claim 10, wherein a third recording and repro- 
ducing mode is provided for recording and reproducing an 
analog signal with a third head of the single rotary head 
assembly. 

12. A digital signal recording and reproducing apparatus 
according to claim 9, wherein the first head includes two first 
head members having different azimuths mounted close to 
each other, and the second head includes two second head 
members having different azimuths mounted close to each 
other but opposing the two first head members. 

13. A digital signal recording and reproducing apparatus 
according to claim 12, further comprising a signal timing 
converter which, during the recording operation, converts 
the recording signal generated by the recording circuit into 
a signal that is supplied to the two first head members during 
a period corresponding to Vi a full revolution of the single 
rotary head assembly, and during the reproducing operation, 
converts the reproduced signal from the two first or two 
second head members during the period corresponding to l h 
the full revolution of the single rotary head assembly into a 
sequential signal that is supplied to the reproducing circuit. 

14. A digital signal recording and reproducing apparatus 
according to claim 9, wherein the first head is a single first 
head, and the second head which opposes the first head has 
an azimuth which is the same as an azimuth of the first head. 

15. A digital signal recording and reproducing apparatus 
according to claim 14, wherein the single rotary head 
assembly includes a third head mounted close to the second 
head and having a different azimuth from the azimuths of the 
first head and the second head. 

16. A digital signal recording apparatus for recording on 
each of a plurality of tracks, or digital signal recording areas, 
of a magnetic recording medium a plurality of blocks each 
consisting of a digital signal having added thereto a syn- 
chronizing signal, a control signal, and an error correction 
code, the apparatus comprising: 

a first error detection and correction adder which, in a first 
recording mode, adds an error detection and correction 
code to each n tracks (n is an integer larger than 1) of 
the digital signal, and which, in a second recording 
mode, adds the error detection and correction code to 
each n tracks of the digital signal and adds the error 
detection and correction code to each track of the 
digital signal; and 

a second error detection and correction adder which adds 
the error detection and correction code to each block of 
the digital signal and the error detection and correction 
code. 
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